A Difcourfe concerning the Meafttre of the Airs re- 
p fiance to Bodies mo^ved in it. By the Learned 
John Wallis S. ED. c^ R. S.Soc. 

t. 'T^ Hat the Air ( and the like of any other Medi- 
j^ um^ dodi Goniiderably give reliii-aoce to Bo- 
dies moved in it , ( and doth thereby aoate their Celerity 
and Force :) is generally admitted. And Experience doth 
atteft ic; For otherwife, a Cannon Bullet projjdcd Hori- 
zontally, (hould ( fuppofing the Celerity and Force undi- 
minifhed ) ftrikeas hard againft a perpendicular Wall, e- 
re£;ied at a great diftance, as near at Mnd ^ which; we fiiid 
it doth not. 

2. But at what Rate, or in what Proportion, fuchre- 
fiftance is ; and f confequendy, at what Rate the Celeri- 
ty and Force is continually dlminifbed ) feems not to liave 
been fo well examined. Whence it is, that the Motion 
of a Project ( fecludmg this Confideration ) is commonly 
reputed to defcribe a Parabolick Line ; as arifing from an 
Uniform or equal Celerity in .the lAm of if rojedtioil, and 
a Celerity unif<?rtnLily accelerated in the Line of Defcent ; 
which two fb coflipounded, do create a Parabola. 

9. In order to the computation hereof ; I ilrft premife 
this Lemma J ( as the mioft rational that doth wcur for my 
fir ft tooting, ) That ( fuppofing other things equal ) the 
refiftance is proportional to the Celerity. For in a double 
Celerity, there is to be removed (iti the fame time) twice 
as much Air, (which is a double Impediment) in a treble, 
thrice as much ; and fb in other Proportions. 

4. Suppofe we then the Force imprelTed (and con- 
fequently the Celerity, if there were liq refiftance y) as i ; 
the refiftance as r. (which muft be leis than the Force, or 
elfe the Force Would not: prevail Over the Impediment ^ to 
create a Motion„) And therefore the effective Force at a 
firft Momentji!> to be reputed as i— r • That is, fa much as 
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the JForce ifflpreffdi is more than the Impediment or Re* 
fiftance. 

5. Be it as I— rto I ; fo I ton^. C which «^ is there* 
fore greater than i . ) 

6. And therefore the efFefltiv^e Force (and confcquent- 

ly the Celerity ) as to a firft Moment, is to be m of what 
it w^ould be, had there been no refiftance, 

7. This ij^isaifb the remaining Force after fuch firil 
Moment ; and this remaining Force is ( for the lame Rea* 
fon ) to be proportionally abated as to a fecond Moment : 

JL JL 

that is we are to take m tIiereof,that is mm of the impreffed 
Force. And for a third Moment ( at equal diftance of 

time) w WW ; for a fourth m* ; and fb onward infinitely. 

8. Becaufe the length difpatched ( in equal times) is 
proportional to the Celerities ; the Lines of Motion ( an- 

fweriflg to thole equal Times )are to be as w, «»*, m^yin^, 
<:^f. of what they would have been, in the fime Times, 
had there been no refiftance. 

9. This therefore is a Geometrical Progredionj and 
( becaufe of w greater than i ) continually decreafing. 

10. This decreafing Progreffion infinitely continued 
^determining in the lame point of Refl:, where the Mo- 
tion is fuppoled to expire) is yet of a Finite Magnitude ; 

and equal to m—x of what it would have been info much 
Time, ifthere had beeii no refiftance. As isdemonftra- 
ted in my Algebra, C%. 95- "Prof. B. For (as I haveelfe- 
where demon^rated) the Sum or Aggregate of a Geome- 

tricai Progreffion is --^-^=p ( fuppofing ^ the greateft 
term , J the leaft, and R the common miiltiplyer. ) 
That is^--^ ~~ R^' ^^^ ^" '^^ prelent Cafe, ( fuppo- 

fing the Progreffion infinitely continued) the leaft term Jj 

be. 
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becomes infinitely fmaW, or = o. And confequently^s^ 
doth alfb vanifh, and tnereby the Aggr^ate becomes 
=:•—£. That is 
(as Juppe.- by^Mdbg ^_„^ |^ ^^ 

T/* 1^ f^ !!> *" 'ii ■ ■ i nn ii m iii n il, 

('fuppofing the Prbgreffion -f V- » 

to begin at r= i.) That is ^. 

( dividing all by R, that fo y 

the Progreffion may begin "hg^ 

at i=l- )-il.=ilL-il , V V 

*'' R m'^R—i R^RR +R~^RR 

prefent Cafe / becaufe of RR 

A I J. , A ^(f. 

&c. = 7»— I. That is/ putting » = » — i^ » of what it 
would have been if there had been no refiftance. 

IT. This infinite Progreflion is fitly exprefled by an or- 
dinate in the exterior Hyperbola, parallel to one of the A- 
fymptotes ; and the feveral Member of that, by thefeve- 
ral Members of this, cut in continual Proportion, As is 
there demonftrated at Prop. 1 5. For let 5 //, (vid. Fig. III.^ 
be an Hyperbola between the Alymptotes J B, Af : And 
let the ordinate D H { in. the exteriour Hyperbola, paral- 
lel to J F,) reprelent the imprefled force undiminilhed; or 
the Line to be defcribed in fiich time, by a Celerity anfwe- 
rableto fuch undiminifhed force. And letB5 ('alike 

ordinate; be w thereof; which therefore, being lelsthan 

DH 
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D H ('as being equal to a Part of it/ will be further than it 
from AF, laJB( which I put = i j let B d be fuch a 
Part thereof, as is BS oiD H. Now beeaufe fas is well 
known) all the infcribed Parellelograms, in the exteriour 
Hyperbola, J S, A //, &€. are equal ; and therefore their 

fides reciprocal : Therefore ^s Ad:=:i — m ( fuppofing 
B d to be taken, from B toward J^) toAB^iy( or as 
m-- I to m: ) fb is B 6' 

~m DH^tod k which "^-'^ ^(l, +^+ ^ + ^^^ 
is therefore €qual to i 

m~i of D B ;th at is (zs 
will appear by dividing 

J. JL 

I, by ;^/ — I j/to mA^mm 

JL 

Or if B^ be taken be- 
yond B J then as J d — 

JL 

I 4-»^> to^B= I, or as 
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m-^ I to m ^ foism DH mm mmm 

to^v&, which is therefore i 

• &rc *4^ — — — »« 

equal to ;^ -f I D //; that * mmm 

\%( as will appear by like dividing of i by ^ -f i ;) =: to 

m mm m 

i2» Let fuch ordinate ^i^, or|^ €qual to it in the Afymiv 
tOteM F, be fb divided in L, M, A^ &c. ( by perpendiculars 
cutting the Hyperbola in /, m^n^Uz. ) as that F£^ LM 

A J. JL 

MNhtmm^mmym^ &c. That is, fo continually de- 
creafing^ as that each antecedent be to its conlequeht, as 

1 tsj m ^ OK mm to I. .See Fig, IV 
■I >4 Ti:is isdoneby talcing J F^ALyA Ny Src. in fuch 

proportion. E^r^ 0^ cciidnuai proportionals the dif%- 
iwices arci ailb cootlriaalSv DioporaoaaL and in the? fanie 

pro- 



proportion* For kt M^B^C^D-^ ^c.hQ £qc^^ 

and their differences a, b^ c^ &c. That is J ~ B = d^ B — 

C^b,C~D~c,kc. 

Then, becaufe A, B, C, D, &:c. are in continual propoi't: 

That is A. B :: B. C :: C. D :: &:c. 

And dividing A — B.B:: B — C.C:: C — D.D::8^c. 

Thar is a. B :: b. C :: d.T>:\ he. 

And alternly n. b. c. &c. :: B. C. D. &c. :: A. B. C. &c. 

That is, in continual proportion as A to B, or as ^ to i. 

14. This being dou^*; the Hyperbohck {paces Fl^Lm^ 
Mny Sec. are equal As is dem'onftrated by Ckegory San-- 
Vincent \ and as iuch is commonly admitted. 

!$• So thatFT, Lm^ Mn^ &c.may fitly reprefent e- 
qual times, in which are diipatched unequal lengths, re- 
prefentedhy FL, LMy AfA^, &rc. 

16. And becaufe they are in number infinite ( though 
equal to a finite Magnitude j the duration is infinite ; And 
coniequenlty the impreffed force, and motion thence ari- 
fing, never to be wholly extinguiflied ^ without feme fur- 
ther impediment ) but perpetually approaching, to^^, in 
the nature of Afymptotes. 

17. The fpaces Fi, Fm^ Fn^ he. are therefore as Lo- 
garithms f in Arithmetical progreflkm increafingjan- 
1 wering to the lines AF^AL^AM^ &c. ; or to F L^L M,. 
MN,kc. in Geometrical progreffion decreafing, 

A i J. 

iS. Becaufe FLyLM, MNj &c. are as m^ mmy m\hc 
( infinitely ) terminated at A ; therefore f by ^ 10 j their 
Aggregate FA or dh^ is to DH, ( fo much length as 
would have been difpatched,. in the fame time^ by fuch 
impreffed force undiminifibed j as i to «^ — • 1 — n. 

19. If therefore we take,, as i to n, ibAFto DH\ this 
will reprefent the length to be di{patched,in the fametime^ 
by fuch undiminiflbed force. 

20. And if fuch DHbefuppoled to be divided into e- 
qua] parts innumerable ( and therefore mfinitely imall ; ). 
tliefe anfwer to thofe ( as many ; parts unequal in FA^ 
or h d. ^^ 
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2!i But, what is the prdportion oirto r, or ( which 
depends on it ^ of i ^r to i, or itom', remains to be 
inquired by experiment, 

22. If the progreflion be not infinitely continued • but 
end ( fuppofe ) ztN, and its leaft term be ^ =3 MNt then, 

out of n = — 4- — •! — 3> &^* is to be fubduCted 

/<— I m ^ mm * m 

A 

j^^ f as at ^ 10^ that is /as by divifion will appear J 

ir -j- 77i + 771 &c* That is ( in our prefent cafe j ~- + 

— 4- —3 &€. And fb the Aggregate will be -^-^^ 4- ~=- 
mm ^ m oo o m ^ mm 

J ^ g^(^^ ::::: ^ 

And thus as to the line of Proje£tion, in which ( feclud- 
ing the refiftance ) the motion is reputed uniform ; dif- 
patching equal lengths in equal times, Confider we next 
the Une of Defeent. 

23» In the Defcent of Heavy Bodies, it is fuppofed, 
that to each moment of time, there is fuperadded a new 
Impulle of Gravity to what was before: And each of 
thele, fecluding the confideration of the Airs refiftance, to 
proceed equally ( from their leveral beginnings J through 
the fucceeding moments. As (in the erect lines) 
i 1 1 1 &:c. I I I &€, I I &c, I &c. and fb con- i 
tinually as in the Hne of of Projection. i i 

24. Hence arileth ( in the tranfverle hues ) i i i 
for the firft moment s for the fecond » + r, i i i 1 
for the third t -f i + I1 ^^nd fo forth, in A- &c. 
rithmetical progrelfion : As are the Ordinates 

in a Triangle, at equal diiiance. 

25. And fiich are the continual incr ^ments of the Di- 
ameter^ orot die urdimixes in the excerior Parabola, an- 
levering to the mteriorOrcUnates^ orSt^gmentsofciie fan* 

gem 
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gmt^ equally increafing. As is known, and commonly 
admitted* 

26. If we take-in the confideration of the Airs refiftence ; 
we are then for each of thefe equal progreflions, to fub- 
iHtute a decreafing progrelEon Geometrical ; in like man- 
ner { and for the lame realbns ) as in the line of Projec- 
tion. 

27. Hence arifeth, for the firfl: mo- j. 

ment m ; for the fecond m-{-m''; for the 
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third m^m^-^m^ &c. And fuch is 

therefore the Defcent of a heavy Body ni' m' m^ 

falling by its own weight. The leve- m"" m^ m" m 

ral impulfes of Gravity being fuppofed 

equal. 

28. That isfin the figure off 12 ; as FL, FM, TN^ 
&c^ in the line of Defcent, anfwering to FIL, L M, MN^ 
&c. in the line of Projedion; 

29. But though the Progreffions for the line of Projec- 
tion, are Hke to each of thole many in the line of Delcent ; 

it is not to be thence inferred, that therefore m in the one, 

is equal to m in the other: But in the line of Projedion 

f fuppofe ;— /( fuch a part of the force imprefTed, and 

a celerity anfwerable: ) in the line of Delcent,— ^ ( fuch 

a part of the Impulfe of Gravity. ) 

5 ). Thofe for the line of Defcent ( of the fame Body ; 
are all equal, each to other; Becaule ^ (' the new Impulfe 
of Gravity ,) in each moment is fuppoled to be the fame. 

3 ! . But what is the proportion of/ xq g( that of the 
fo-ce irapreffed, to the Impulfe of Gravity in each Body ; 
remains to be enquired by Experiment. 

52. This proportion being found as to one known 
force J the fame is thence known as to any other force 

Mm ( who's 



( who's proportion to this is given ) in the fame uniform 
Medium. 

^1. And this being known as to one Medium ; the fame 
is thence known as to any other Medium^ tiie proportion 
of who's refiftance to that of this is known. 

34. If a heavy body be projected downward in a pendi* 

Ju JL JL 

cular hne j it defcends therefore at the rate m^ mm^ m\ Src. 

J. JL i J. 

of Z' ( the imprelTed force) increafed hy mym-^m^ym -f 

m^ -{-m^ &c. of^ the impulle of Gravity ; ( by ^ 7. &: 
% 27. ) Becaufe both forces are here united. 

35. If in a perpendicular projection upwards; it af- 
cends in the rate of the former, abated by that of the lat- 
ter. Becaufe here the impulfe of Gravity ii> contrary to 
the force imprelTed. 

36. When therefore this latter ( continually increafing ) 
becomes equal to that former ( continually decreafing ) 
it then ceaietli to afcend ; and doth thenceforth delcend 
at the rate wherein the latter continually exceeds the for- 
mer. 

37. In an Horizontal or Oblique projeftion : If to a 
Tangent who^s increments are as FL, LM, MA> &c; 

X 

that is as - — f^ &:c. be fitted Ordinate:> ( at a given an* 
gle ) who's incremeflts are as FL, FMj FN.kc. that is 
as — g^ &c; The Curve anfweringto the compound of 

thefe Motions, is that wherein the Project is is to move. 

58. This Curve ( being hitherto without a name ) 
may be called Linea Pro]e£torum ; the hne of Projeds, or 
things projeded; which relembles a Parabola deform- 
ed. 

3 ?. The Celerity and Tendency, as to each point of this 
line, is determined by a Tangent at that Point. 

4.0. And that againfl: which it makes the grea tell ftroke 

or 
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or percuflion, is that which ( at that point ) is at right an« 
gies to that Tangent. 

41. If the Projeftion (at^ 27. ) be not infinitely con- 
tinued, but terminate ( fuppofe ) at A/, fb that the laft 
terrain the firft Column or Series ered be a ; and confe* 
quently in the fecond, ^// a ; in the third, mm a^ &c. ( each 
Series having one term fewer than that before it Otheof'for 
the fame realbns as at ^ 22. ) the Aggregates of the feve- 

rai Columns ( or ere£t Series ) will be — — , — . 

n n 
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y and fb forth, till ( the multiple of a becoming 

=: I ) the progreflion expire. 

42, Now all the abatements here, a, ma^mmay Sec. 
are the fame with the terms of the firft Column taken 
backward. For a is the laft, m a the next before it ; and 
fb of the reft. 

45. And the Aggregate of all the Numerators is fb 
many times 1 as is the number of terms ( fuppofe /, j want- 

ing the firft Column : that is ^ — — , or -J— ; &: 

this agaic^divided by the common denominator n^ becomes 

~ JlL— ^ ^nd therefore ^ ^, is the line of 

nn nn ^ 

defcent by its own Gravity. 

44. If therefore this be added to a proje£ting force down* 
ward in a perpendicular ; or fubduded from fiich project- 
ing force upward ; that is, to or from- /: The De- 
fcent in the firft cafe will be ^ / -I ~ ^^ > and 

the Afcent in the other cafe — ^ f ~ — '•^ g^ And 

in this latter cafe, when the ablative part becomes equal 
to the pofitive part, the Afcent is at the higheft: and 

Mm thence- 



thenceforth { the ablative part exceeding the pofitive ) it 
'will delcend* 

45. In an Horizontal or Oblique projedion; having 

taken f in the line of Projeftion, and theiice f at the 

Angle given ) -^ g in the line of Defcent ; the 

point in the Curve anfwedng to theie, is the place of the 
ProjeO: anfwering to that moment. 

46. I am aware of fbme Objedions to be made, wlie- 
ther to fbme points of the Procefs, or to Ibme of the Sup- 
pofitions. But I faw not well how to wave it, without 
making the Computation much more perplexed. And in 
a matter fb nice, and which muft depend upon Pliyfical 
Oblervations, tVill be hard to attain fuch accuracy as not 
to ftand in need of fbme allowances. 

47. Somewhat might have been further added to di- 
reft the Experiments fuggefted at % 21. and 31. But 
that may be done at leifure, after deliberation had, which 
way to attempt tlie Experiment. 

48. The like is to be faid of the different refiftence 
which different Bodies may meet with 'm ■ the fame Medi- 
urn, according to their different Gravities ( extehfively or 
intenfively confidered ) and their different figures and Po- 
fitions in Motion. Whereof we have hitherto taken no 
account ; but fuppofed them, as to all thefe, to be alike 
and equal. 

Fofi-fcrip. 

49. The computation in f 4r, 42, 4:?, may ( if that be 
alfo defired ;be thus reprefented by Lines and Spaces. The 
Ablatives ^, nia^ m m a, &c. ( being the fame with the firft 
Column taken backward ) are fitl) reprefented by the feg- 
mentsofA^JPf beginning at A^; \n Figure IV. and V.and 
therefore by Parallelograms on tlicfe Bafes, affuming the 
Common hight of F/^, or NQ^. the Aggregate of which 
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hNh^ or F^ And, fo many times i, by ^o many e- 
qual {paces, on the fame Bales, between the fame Paral* 
lels terminated at the Hyperbola: The Aggregate of 
which is h F N Q^. From whence if we fubduQ: the Ag- 
gregate of Ablatives FQ^ ; the remahiing trilinear h ^, 
reprefents the Defcent. 

50. If to this of Gravity, be joyned a projecting Force ; 
which is to the impulfe of Gravity as h ^to h F ( h^ it 
greater, lefs, or equal ) taken in the fame line : the fame 
parallels determine proportional Parallelograms, whofe 
Aggregate is KQ^ 

51. And therefore if this be a Perpendicular Projeftion 
downwards ; then h K>kn ( the fumme of this with the 
former ) reprefents the Defcent* 

52. If it be a Perpendicular upwards; then tne ditFe- 
rence of thefe two reprefents the Motion ; which fb long 
^s K>Q^ is the greater, is Afcendent ; but Defcendent 
when h Qji becomes greater : md it is then at the higheil 
when they be equal. 

53. If the ProjeiEtion be not in the fame Perpendicular^, 
f^but Horizontal, or Oblique^ then /C ^ reprefents the 
Tangent of the Curve ; and h Qji the Ordinates to that 
Tangent, at the given Angle. 

54. But the Computation before given I take to be of 
better ufe than this reprefentation in Figure. Becaufe in 
fuch Mathematical enquiries, I choofe to feparate fas 
much as may be ) what purely concerns Proportions ; and 
<:onrider it abftraftly from lines or other matter where- 
with ir is incumbered. 

Astothe queftioa propoled ; whether the refiflance 
of the Medium do not always take off fuch a proportional 
part of the force moving through it^ as is the Specifick 
Gravity of the Medium to that of the Body moved in it ; 
( for , if fo, it will fave us the trouble of Obfervation. ) 

I think this can by no means be admitted. For there be 
many other things of confideration herein, befxde the In- 
tent 



teiifive Gravity (or^ as fbme call it, the Speclfick Gravity/ 
of the Medmm. 

A vifcous Medmm fliall more refift, than one more flu- 
id, though of like Intenfive Gravity. 

And a lliarp Arrow iliall bore his way more eafily 
through the Medium^ than a blunt headed Bolt, though 
of equal weight, and like intenfive Gravity. 

And the fame Pyramide with the Point, than with the 
Bale forward. 

And many other like varieties, intended in my % 48. 

But this I think may be admitted,, namely, That dif- 
ferent Mediums J equally hquid, ( and other circumflrances 
aUke, ) do in fuch proportion refift, as is their ™Intenfive 
Gravity. Becaufe there is, in fuch Proportion, a heavi- 
er objed to be removed, by the fame Force. Which is 
one of the things to which ^ ^ ? . refers. 
^ And again: The heavyerProjea once m motion,rbe. 
mg equally fwift, and all other circumftances aUke/ moves 
through the fame Medium in fiich proportion more firrong- 
ly^ as is its Intenfive Gravity. For now the Force is in 
fiich proportion greater, for the removal of the fame re- 
fiftance. And this part of what my f ^ 2. infinuates. 

But where there is a compHcation of thefe confiderati- 
ens one with another, and with many other circumftan- 
ces whereof each is feverally to be confidered : there mufl 
be refped had to all of them. 
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